Type Ia Supernovae (SNe Ia) spectra are compared regarding the coefficient of the largest wavelet scale in their decomposition. Two distinct subgroups were identified and their occurrence is discussed in light of use of SNe Ia as cosmological probes. Apart from the group of normal SNe, another trend characterised by intrinsically redder colours is consisted of many different SN events that exhibit diverse properties, including the interaction with the circumstellar material, the existence of specific shell-structure in or surrounding the SN ejecta or super-Chandrasekhar mass progenitors. Compared with the normal objects, these SNe may violate the standard widthluminosity correction, which could influence the cosmological results if they were all calibrated equally, since their fraction among SNe Ia is not negligible when performing precision cosmology. Using largest wavelet scale coefficient in combination with long-baseline B − I colours, we show how to disentangle SN intrinsic colour from the part that corresponds to the reddening due to dust extinction in the host galaxy in the SALT2 colour parameter c, discussing how the intrinsic colour differences may explain the different reddening laws for two subsamples. There are wavelength intervals for which the measured largest scale coefficient is invariant to the additional extinction applied to a spectrum. Combination of wavelet coefficients measured in different wavelength intervals can be used to develop a technique that allows for estimation of extinction.
INTRODUCTION
Type Ia Supernovae, widely accepted to be thermonuclear explosions of carbon/oxygen white dwarfs, represent a homogeneous class of stellar objects, both spectroscopically and photometrically. The possibility to standardise the peak luminosity of SNe Ia, no matter how far they are, makes them efficient cosmological tool. Unfortunately, small differences among SNe Ia directly translate onto errors on the cosmological parameters. We have reached a point where these errors are no more small for our goals. In order to obtain a better accuracy of distance determination, we aim to model the particular differences in a way to reduce as much as possible both systematic and statistical errors on the cosmological parameters. Indeed, several different techniques for fitting SN light-curves have been widely used (e.g. Jha, Riess & Kirshner 2007; Guy et al. 2007; Conley et al. 2008) . Besides, some spectral indicators, such as line ratios (Nugent et al. 1995) or pseudo-equivalent widths (EW ) (Hachinger, Mazzali & Benetti 2006; Bronder et al. 2008) , ⋆ E-mail: arsenije@sim.ul.pt are found to correlate with absolute magnitudes, thus providing a basis for an independent calibration method of the SN luminosity. A detailed study on the selection of global spectral indicators can be found in Bailey et al. 2009 . However, the spectroscopic diversity of SNe Ia is multidimensional (e.g. Benetti et al. 2005; Branch, Dang & Baron 2009) , and a whole range of reported subclasses suggests that our understanding of models that correspond to these events is still not complete. Particularly, the observed spectral differences between SNe Ia can be linked to variations in their effective temperatures, which are associated with different amount of 56 Ni produced in the explosions, i.e. different luminosities (see e.g. Mazzali et al. 2007 ).
In many cases the high-resolution SN spectroscopy is rare and, therefore, we cannot track the possible signature of the interaction between SN ejecta and surrounding circumstellar material (CSM), normally exhibited by emission lines in the spectra. It is demonstrated in this paper that the coefficient that corresponds to the largest scale in the wavelet decomposition of SN spectrum (for details see , coupled with the SALT2 colour (Guy et al. 2007) , is a parameter that provides additional information on SN subclassification, distinguishes SNe that show spectral peculiarities and most likely indicates different SN progenitor scenario and/or explosion mechanism. The wavelet inverse of the above-mentioned coefficient depicts the overall shape of the SN spectrum. Depending on the wavelength interval, the measured coefficient can be more sensitive to reddening. A method based on comparison of two largest scale wavelet coefficients from different wavelength intervals that indicates peculiar SNe, also those with anomalous extinction, is described.
Both intrinsic SN colour and host galaxy dust extinction are entangled into single SALT2 colour parameter c (Guy et al. 2007 ). The unfolding of these effects which provides a possibility to estimate the SN host galaxy reddening, E(B − V ) host , will be also discussed.
DATA SET
The discrete wavelet transform is applied to a sample of 73 nearby SNe, mostly found in the literature and presented in Table 1 . In addition, an unusually bright SN 2003fg (also known as SNLS-03D3bb, Howell et al. 2006 ), observed at intermediate redshift z = 0.244, is also considered. All the low-resolution spectra (∼600) have been deredshifted, but no reddening correction has been made. For most of the analysis our attention is restricted to the rest-frame wavelength interval 3400 < λ < 7000Å and epoch within [−10, +10] days relative to B-maximum. We perform then the Discrete Time Wavelet Transform (DT W T ) of the spectra following the prescription given in . The decomposition is produced using Daubechies' extremal phase wavelets with 4 vanishing moments (D8). All SNe in our sample have relatively good photometry, and in order to apply a consistent procedure, the SALT2 light-curve fitter is used for all supernovae to obtain the photometric parameters. However, the spectra employed in this study come from various sources and are not quite homogeneous, thus there are some limitations and uncertainties on spectra imposed by reduction issues that may affect the SN colour terms and certainly are not subject to intrinsic SN properties.
METHOD AND RESULTS
SN Ia spectra are decomposed into different wavelet scales following the procedure described in . In order to normalise better the SN spectra, the authors do not include the contribution from scale 15, i.e. the coarsest wavelet scale in the spectral decomposition. Indeed, after measuring the featureless inverse of the wavelet coefficient from scale 15 at central wavelengths of B and V bands on our spectra, we see that a contribution from the largest scale to the B −V colour can be expressed as −0.0021×wltcoeff15, which gives a maximum amount of ∼ 0.01 mag when applied to a range spanned by the coefficients, between −5 and 0 (see Fig. 1(a) ). The inverse of the wavelet from the largest scale may be regarded as a black-body curve or a sort of continuum. On the other hand, we deal here with the spectral decomposition that does not map exactly to the underlying physics. In other words, there is no true physical meaning of each component (scale) in a wavelet decomposition; however one is able to measure the weight of each scale in terms of energy, as the wavelet power spectrum suggests. Further, a spectral analysis that is based on the wavelet decomposition certainly assures consistency of the method. Nevertheless, plotting the wavelet coefficient from the largest scale as a function of the SALT2 colour parameter, i.e. long baseline B − I colour in Fig. 1(b) , leads to an interesting correlation.
The robust regression fit in Fig. 1 (a) reads c(SALT2) = (0.406 ± 0.025) + (0.125 ± 0.009) × wltcoeff15, with the standard deviation of fitσ = 0.25, computed as the median absolute deviation of the residuals divided by the constant 0.6745. In order to reduce large data scatter, two perceivably distinctive SN trends are identified, represented by solid and dashed lines in Fig. 1(a) : (1) and c (SALT2) = (0.632 ± 0.026) + (0.149 ± 0.008) × wltcoeff15 (2) respectively, with the robust measures of spread equal to 0.09, i.e. 0.11. Similarly, in Fig. 1(b) , the scale 15 coefficient is well correlated with a long-baseline B − I colour at Bband maximum corrected for Galactic reddening assuming E(B−I) = 2.35E(B−V ). To calculate the uncertainty of the (B −I) values, the photometric errors with the uncertainties due to the fitting procedure are combined.
A trend described by solid line in Fig. 1 (a) is referred to as "normal" SNe. On the other hand, the earlier mentioned SN 2003fg is identified as a member of SN subclass (represented by dashed line), that includes objects whose colour appears to be redder than the typical SN Ia, according to the fits from Eqns. 1 and 2. Looking closely to the members of this SN group, represented by filled circles, there is some doubt whether these differences reflect the different explosion scenario or distinct progenitor channels, whether it can be attributed to the existence of (overdense) shell-structure in or around the SN ejecta, the interaction with the circumstellar material, massive progenitors, or finally, to different viewing angles of asymmetric envelopes, as will be discussed in subsequent section.
Indeed, Blondin et al. 2006 found that spectrum of SN 2003fg matches best with the spectrum of SN 1989B at t = +3.5 days (with constraints on epoch or redshift), an object also identified to belong to the same group. Howell et al. 2006 and Hillebrandt et al. 2007 debate between the possible explosion scenarios for SN 2003fg: a super-Chandrasekhar-mass progenitor explosion or the asymmetric explosion of a Chandrasekhar-mass (M Ch ) white dwarf? Something similar can be said for overluminous SN 2007if ) and for SN 2006gz (Hicken et al. 2007) , both with progenitor mass larger than M Ch and both surrounded by an envelope of unburned carbon/oxygen. Interestingly, SN 2009dc ), another SN with a massive progenitor, seems 1 to be closer to normal SNe Ia in Fig. 1 cover the epochs from -7 days to +281 days and extend to 3500Å. An additional check for classification of this object on the spectrum at -7 days shows that the scale 15 coefficient for SN 2009dc is roughly −4 ± 1, therefore this SN belongs to the second group, as was expected. SNe Ia found to deviate from the main SN trend in Fig. 1 , whose colours are described by Eqn. 2, may show significant discrepancy when a single parametrisation is applied, like the Phillips relation (Phillips 1993 ) that relates a light-curve width to peak luminosity, due to intrinsically different explosions. Also, as noted in Wang 2005, the circumstellar dust or a surrounding gaseous envelope may substantially affect the extinction properties compared to the interstellar dust. In other words, it is not wise to calibrate these SNe as standard candles; their reddenings will be more likely overestimated, which further implies that these objects are overcorrected to a higher luminosity, that could bias the cosmological results. Moreover, a certain number of SNe fall within the rough range −0.1 < c < 0.1. Interestingly, imposing this cut-off criterion in Fig. 1(a) , the correlation between scale 15 coefficient and colour appears to be weak and the existence of distinct SN groups is no longer maintained. Nevertheless, one could select a subset of "more standardisable" SNe Ia based on the value of the largest wavelet scale coefficient.
Intrinsic SN colour and host galaxy reddening
As previously seen in Fig. 1 , the scale 15 coefficient is correlated with both the SALT2 colour and long-baseline B − I colour in a quite similar manner. Moreover, a strong relationship between these latter two is shown in Fig. 2(a) . The best fit line corresponds to:
In Fig. 1(b) several SNe, namely 1990O, 1992A, 1994D, 1996X, 1998aq, 1999aw and 2000dk , that are thought to suffer negligible extinction in their host galaxies (as compiled from the literature, AV host 0.04) are shown as crossed open circles. Putting all of these together, (5) The extinction affects colour estimation and is a source of systematic uncertainty. The SALT2 light-curve fitter is not meant to be able to disentangle the potential extinction by dust in the host galaxies from intrinsic colour variation. In the case of nearby SNe the SALT2 colour law should be consistent with observed law for extinction by dust in the Milky Way (extinction law by Cardelli, Clayton & Mathis 1989) , but SN data point to a different colour-luminosity relation (see e.g. Astier et al. 2006) . It is interesting to note that in the case of SNe 1999aa and 1997cn, two SNe that belong to other SN subsample discussed above and that do not suffer strong host galaxy extinction (AV = 0.025±0.020, i.e. 0.025 ± 0.021 respectively, according to the MLCS2k2 fits in Hicken et al. 2009 ), the relation given by Eqn. 5 is clearly unsatisfactory. Nevertheless, this is in agreement with findings in , who reported two SN subsamples that favour different reddening laws. A possible explanation for this might be the existence of two SN populations with different intrinsic colours.
Furthermore, expression in Eqn. 4 and the obtained fits allow us to estimate the host galaxy reddening, implicitly assuming that E(B−I) = 2.35E(B−V ). Adopting Eqn. 5 as the intrinsic colour relation for (all) SNe, the value of E(B − V ) host can be directly obtained substituting expressions in Eqns. 3 and 5 in Eqn. 4:
including all SNe in the fit (shown as dashed line in Fig. 2(b) ). On the other hand, excluding SNe that do not exhibit same properties as "normal" SNe (represented by filled symbols in Fig. 2(b) ) from the fit and keeping only them in the second case, one gets:
i.e.
respectively. Again, there is a significant difference (∼0.12 mag) in the reddening estimates between these two subsamples, implying that the two SN groups favour different reddening laws. However, this discrepancy may be due to assumption of the single intrinsic colour relation. Accounting for different intrinsic colour relations for the two SN subsamples may be a possible explanation for this. The main weakness of this analysis is the very limited number of normal SNe that enter the fit in Eqn. 5, also the lack of SN data that suffer no (or negligible) host extinction from other subsample that could provide an analogous intrinsic relation for intrinsically redder SNe.
High-z sample
An important question that needs to be asked is whether high-z SNe follow the same correlations as those in the previous subsection. As an illustration, from the available set of high-z spectra from SuperNova Legacy Survey 3-year sample (SNLS3), published in Balland et al. 2009 , the wavelet analysis is applied to 94 SNe. Fig. 3 shows that the coefficient from the largest scale in the DTWT, measured on the high-z sample, is relatively stable to changes in upper wavelength limit, probably because the majority of high-z spectra do not reach 7000Å. Probing different wavelength intervals and identifying outliers, we find a high degree of agreement when comparing them. However, the wavelet coefficient at largest scale increases 2 if the lower range limit shifts towards larger wavelengths compared to the reference one of 3400Å, which might be an important issue when studying nearby SNe.
Stability of the largest wavelet coefficient
The results in Fig. 3 are compatible with tests based on measurements on the SALT2 spectral templates, as illustrated in Fig. 4 . The wavelet coefficient from the coarsest scale is tested both for stability on chosen wavelength interval and epoch relative to B-band maximum. Although the dispersion seen when comparing different measurements can be up to 50 per cent near maximum, the coefficient value is relatively invariant across epoch over the range [−10, +10] days. Furthermore, to include the dust effects, the spectral templates in the different wavelength intervals were reddened using the Milky Way (MW)-like extinction curve (Cardelli, Clayton & Mathis 1989) for different values of RV and E(B−V ). It has been shown that the effect of reddening does not strongly affect the equivalent width of a spectral feature, especially if it is narrow (e.g. Bronder et al. 2008; . Similarly, despite the overall spectrum is somewhat warped, the relative error between different cases becomes significant mainly for large extinctions (Fig. 4) . Furthermore, it can be seen that the dependence of the largest scale wavelet coefficient on extinction effects may be adjusted using specific wavelength intervals in the wavelet decomposition.
To test the effects of reddening, a subset of the "normal" SNe Ia was randomly chosen and some amount of reddening 2 and opposite for positive values was applied to them. Indeed, after obtaining new coefficients from the fits, the differences are sufficiently large that may indicate the existence of two populations of SNe. However, as we have seen in Fig. 4 , using the right wavelength interval, these differences can be controlled, i.e. minimised. For instance, choosing the intervals such as [3700 − 6000Å] or [4000 − 6000Å], the maximum relative error reduces to a few per cent, even for large extinction values that have been added.
The previously described method was performed on the same SN spectra, using the interval [4000 − 6000Å] (see Fig. 5 ). This choice guarantees the stability of the calculated values of the wavelet coefficient to the reddening uncertainties or instrumental distortions.
A robust regression analysis was performed to determine the best fit to the data in Moreover, in Fig. 5 (b) it is demonstrated how to perform a test that identifies SNe Ia with anomalous extinction or strong peculiarity. For instance, apart from four outliers in Fig. 1(a) (SNe 1986G, 1999cl, 2003cg and 2006X) , peculiar supernova 2008ha (extremely faint, 2002cx-like SN) strongly deviates from the main trend despite negligible host galaxy extinction reported in Foley et al. 2009 . A few highz SNLS SNe whose spectra cover wavelengths up to 6700Å are added to the plot (given as filled diamonds) showing an excellent agreement with nearby SNe.
Finally, different amounts (0 < AV < 4, with the step ∆AV = 0.4) of the MW-like extinction are applied to the SALT2 spectral template at maximum and obtained coefficients are plotted in Fig. 5(b) . The data points follow the usual SN trend, even for the extinctions as large as 2.5 mags. Nevertheless, the figure clearly shows the two regimes, a linear (AV < 2.5), while there is an increase to the non-linear regime for heavily obscured SNe with AV > 2.5. In addition, strongly extinguished SNe such as 1999cl, 2003cg and 2006X, are consistent with this higher power law. After testing different extinction laws, we conclude that there is degeneracy between different models in the linear region; the differences mainly occur at higher values of extinction, i.e in the non-linear regime. The dependence of this combination of wavelet coefficients shown in Fig. 5(b) can be certainly used to estimate the amount of extinction towards an individual supernova.
DISCUSSION
We are driven by need to grasp whether the existence of spectroscopic dichotomy, or even a quadrotomy, recently discussed in Branch, Dang & Baron 2009 respectively, implies either different extinction laws or different colour evolution. As suggested in Wang 2005; Goobar 2008 , the interaction between the SN ejecta and the surrounding circumstellar shell with normal dust grains could explain the reported values of RV that are lower than the standard Galactic value of 3.1. Furthermore, the SN spectra at early epochs are sensitive to the material in which the supernovae are embedded. Emitted SN light is therefore reflected by the surrounding dust clouds and reaches the observer at different times from different directions, as a result of the interaction that, generally speaking, depends on the location of the dust clouds, the density distribution of dust grains and/or the scattering properties of dust. Moreover, if the dust optical depth is low, one may assume a simple scattering scenario in which a photon escapes after scattering off dust particle. It becomes more difficult when thick dust shells and complex dust mixtures are considered, where multiple scatterings usually occur. Following Patat et al. 2007; Blondin et al. 2009 , the presence of high-velocity features in spectra and time-variable Na ID absorption feature is good signature of influence of effects of circumstellar dust on the SN luminosity (typical examples are SNe 1999cl and 2006X). Besides, SN 2006X suffers significant reddening from the interstellar medium ). However, not all highly reddened SNe Ia display variable Na ID features: SN 2003cg is heavily extinguished, very large Na ID equivalent width values (compared to other SNe) were measured for this SN, but the feature remains constant over time. The previously described scenario can cause an effect of the light echo around supernova, already seen, for instance, for SNe 1991T, 1995E, 1998bu, 2000cx, 2002ic, 2006X (Patat et al. 2007 Wang 2005) . Similarly, the dust shells that surround (not necessarily highly extinguished) SNe Ia, are reported also for SN 2005gj 3 , then 2007gi and 2007le. Indeed, all of these mentioned SNe are leaned towards the second fit in Fig. 1(a) . This latter supernova, recently discovered SN 2007le ), however, exhibits variable Na ID line but, curiously, is low extinguished, which further reflects its intrinsic property. In addition, Yuan et al. 2010 consider the interaction between the ejecta and the circumstellar material as an alternative manner for a supernova to generate extra luminosity, rather than any intrinsic property of the SN. Moreover, a supernova with extremely low luminosity, SN 2008ha 4 ), that is spectroscopically similar to peculiar SN 2002cx (Li et al. 2003) , is in an excellent agreement with the red solid line in Fig. 1(a) , although it is an outlier in Fig. 5 . As noted in Li et al. 2003 is a link between the extremes of peculiar SNe Ia. Indeed, this SN exhibits the 1991T-like premaximum spectra, but is subluminous, such as 1991bg-like SNe. Nevertheless, the wavelet coefficient from the largest scale reflects spectroscopic diversity of SNe Ia, pointing to a common property of this trend, regardless if an SN has already been classified as 1991T-, 1991bg-, 1999aa-or 2000cx-like event. On the other hand, SNe such as 1999ee and 1989B are also found to show affinity for this group. These SNe exhibit a plateau in the photospheric velocity near Bmaximum, while normally, a standard SN Ia has very steep velocity change from early phases towards maximum. This plateau tendency (more precisely, a period of slowly declining velocities) coincides with the photosphere receding through the overdense shell Quimby, Höflich & Wheeler 2007) . The similar has been noticed for SNe 1991T, 1999aa, 2000cx (see e.g. Benetti et al. 2005; Quimby, Höflich & Wheeler 2007) , all of them having redder (B − V ) colour at maximum. Quimby, Höflich & Wheeler 2007 report nearly the same velocity evolution of the Si II line for SN 2005hj, but the available spectra for this SN do not cover wavelengths λ 3885, therefore the value of wavelet coefficient of interest is most likely overestimated (see Figs. 3 and 4) .
Another intriguing result is that the high velocity gradient (HVG, Benetti et al. 2005 , given as light filled circles in Fig. 1(a) and ordered by decreasing colour, are found to be transitional objects, linking the two main SN trends. A possible interpretation of this observed continuity between the groups could be accounted as an effect of mixed extinction that these SNe suffer, partly caused by circumstellar, but could also be due to interstellar dust. However, another HVG SN 1981B is found in the CSM group. In addition, a few more SNe are identified very close to these HVG SNe in direction towards normal SNe, namely: 1998bp, 1998bu, 1999aw, 2000cf, 2001V, 2001el . Again, these latter are characterised by whether the higher polarisation (e.g. SN 2001el), or close resemblance to 1999aa-like or under(over)luminous SNe. On the other hand, it has been found recently (Maeda et al. 2010 ) that HVG and LVG SNe, despite the divergence in photospheric velocity, do not have intrinsic differences. The diversity between these two supernova groups appears as a consequence of different viewing angle from which an SN is observed. In other words, if one obtains a big enough SN sample, these differences will average out and this issue will be of no concern for the cosmological use of SNe Ia. However, the redder SN population that satisfies relation in Eqn. 2, must be treated with caution because our findings point to different intrinsic colour relations for the two SN subsamples.
Given the previous discussion, our analysis suggests the existence of a distinct class of SNe that is more likely governed by different physical mechanism, i.e. considered to have a different progenitor system and/or explosion mechanism than standard SNe Ia. Interestingly, SNe that support both single-(e.g. SN 2005gj, Prieto et al. 2007 , with detected envelope of unburned carbon) scenario are found in the same group. Nevertheless, if one suspects that the circumstellar dust is present around an SN Ia, it is not advisable to assume a standard interstellar extinction law, but rather should be studied it by implementing a radiative transfer code. The effective extinction is supposed to be generally smaller when the scattering effects are included into consideration, since the contribution of scattered photons makes that the total flux increases. The light that has been scattered off the circumstellar dust cloud aims to lower the effective total to selective extinction ratio in the optical range, completely opposite from the effect it causes in the UV (see e.g. Wang 2005) . A possibility that SN colours correlate with intrinsic brightness of SNe Ia in such a way that this correlation resembles reddening by dust is not rejected as well, as has been indirectly shown in relations from Fig. 1(a) and Eqn. 5. It is also implicitly assumed throughout that the SALT2 colour estimation is essentially perfect, despite the fact that its training procedure is based on a sample of SNe Ia.
Summing up, around 30 per cent of nearby SNe in our sample are found to depart from the main SN trend in Fig. 1(a) . Assuming that the similar fraction of high-z population follows this tendency, a contamination of cosmological sample by these objects could be significant. Recall that recently proposed two different RV corrections for normal and high velocity (HV) samples, which notably improved the accuracy of distance measurements. Furthermore, the same authors showed that the HV SNe prefer a lower value of the extinction ratio RV . On the other hand, our measurements on the spectral template show that the largest wavelet scale coefficient is fairly stable under different extinction laws, which suggests that this observed discrepancy has an intrinsic character. Indeed, the two SN subsamples may have the same host galaxy reddening law if the intrinsic colour relations were properly accounted for.
In addition, even the highly-reddened SNe are consistent with the MW-like dust extinction behaviour in Fig. 5(b) . Tests with different RV values than the canonical Galactic value of 3.1 also suggest that anomalous behaviour is most likely due to high reddening. The extinction law for the circumstellar dust from Goobar 2008 is also tested and it appears very much like the curve with the MW extinction in the linear part, while it is steeper in the non-linear regime, although for significantly smaller values of extinction (for example, for a fixed value of RV = 1.8, a CS curve that fits SN 2003cg measurements has AV ∼ 2.2, compared to the MW curve with AV ∼ 2.5). In order to include a more significant high-z SN sample into the analysis (compared with those few SNe that are found in Fig. 5(b) ), another pair of the wavelength intervals should be studied, ones that correspond better to the rest-frame coverage of high-z SN spectra, for example between 3000 < λ < 5000Å.
Wavelet scales that are directly responsible for spectral features are free of any intrinsic color information in the input spectra, which justifies a recent attempt to quantify SN spectral features that was done by Wagers, Wang & Asztalos 2010. They found correlations between various combinations of spectral features with stretch. This is surely an important question that should be further explored.
CONCLUSIONS
The presented technique is used to test SN diversity, i.e. how significantly the explosion of a supernova differs from widely accepted SN Ia progenitor scenarios, which may further lead to different intrinsic colour. For this purpose, the wavelet transform is used to decompose SN spectra into different scales. The largest scale coefficient is found to correlate with the SALT2 colour parameter and long-baseline B−I colour corrected for Galactic reddening. Apart from the main trend with normal SNe Ia, another grouping is distinguished; its members have intrinsically redder colours when compared to the normal ones and are recognised for various characteristics such as the observed light echo around SN, or in addition, a signature of interaction with circumstellar material, and/or the existence of shell-structure in or surrounding the SN ejecta. Moreover, a few candidates of super-Chandrasekhar mass SNe show affinity for this group. However, the questions on details on circumstellar dust shell (or inner overdense shell), such as its mass or its geometry, are not tackled in this work.
This study has shown that SALT2 colour parameter can be disentangled into intrinsic SN colour and the reddening due to dust extinction in the host galaxy. However, with the lack of SNe from intrinsically redder subsample that suffer negligible host galaxy extinction, the expressions for intrinsic colour and host galaxy reddening have been found only for normal SNe. In order to prevent the overcorrected luminosities, mentioned redder SNe should be identified and calibrated in a different manner before being included in the cosmology fits.
The wavelet coefficients that were measured on certain wavelength intervals are invariant to additional amounts of extinction that were applied to the spectra. A combination of two largest scale coefficients from different intervals can be further used to distinguish objects that exhibit strong peculiarities and/or to estimate the extinction value.
The method for additional SN sorting presented in this paper is applicable regardless either of the type of wavelets used in the analysis or of the number of scales in the wavelet decomposition. Nevertheless, there is certainly room for improvement, especially in estimating the largest wavelet scale coefficient when the available spectra lack the full wavelength coverage. Similarly, an additional correction could be applied to account for spectral epochs different from the reference one at maximum light. The implementation of the presented analysis by incorporating larger and homogeneous spectral and photometric data will permit a deeper insight into the extinction corrections, also the variety of the SN progenitor environments and explosion models and will be the topic of future work. 
